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ABSTRACT
During the last two decades Sudan has had a significant shift in
cereal consumption to wheat and wheat products, which has Increased
Its wheat Imports. This study analyzes this shift. The results
Indicate that wheat pricing policies and urbanization are the primary
causes for the shift.
To ensure low and stable bread prices, the government of Sudan
has set the wheat prices paid to producers and has controlled the
price paid by consumers. Wheat growers in the government programs
are required to deliver their produce at an official price lower than
the import price. Consumers are subsidized through low prices. As a
result wheat consumption has increased, while production has
decreased. This has led to an expansion in wheat imports,which has
required more foreign exchange.
The main objectives of this study are to analyze Sudanese
cereals demand and to evaluate an alternative wheat pricing policy.
An empirical Almost Ideal Demand System model for cereals in
Sudan is constructed. The model is based on per capita consumption
of sorghum, wheat, and millet for time series data during 1970-87.
The results of a system estimate of the Sudanese cereals sector are
presented. The system is well behaved in that it satisfies the
theoretical restrictions.
The model is used to simulate an alternative policy designed to
eliminate or reduce government Intervention. The results Indicate
that prices closer to free-market prices should improve the balance-
of-payment.
CHAPTER I. INTRODUCTION
Sudan, the largest country In Africa, is endowed with enormous
economic potential because of its agricultural resources. It has a
total cultivable area of about 207.4 million acres, of which less than
10 % Is currently being cropped. In addition, water resources are
substantial. All three Niles flow through the country, but they are
underexploited with less than 50% of the total water potential being
utilized (Elbadawi and D'Silva, 1987).
In 1986, the Food and Agriculture Organization (FAO) of the
United Nations estimated that 65% of Sudan's population depended on
agriculture, that is, the agricultural sector provided employment for
about 65% of the economically active population. Further, the
agricultural sector provided 34% of the Gross Domestic Product (GDP)
(Table 1.1) and 85% of the country's export earnings (Bank of Sudan,
1987).
Despite the recognition by Sudanese authorities of the
importance of agriculture, government investment in the agricultural
Table 1.1. Share of agriculture in GDP of Sudan, 1982-83 to 1986-87
(in millions of LS.; 1$ = 4 LS.)^
Year 1982-83 1983-84 1984-85 1985-86 1986-87
Value 2944.6 3696.2 3615.6 5772.5 7138.3
Percentage 35 35 31 35 34
aBank of Sudan (1987).
sector is very limited. In 1987, the Ministry of Finance and Economic
Planning estimated that the agricultural sector provided a livelihood
for over 80% of the country's population and contributed around 90%
of the country's foreign exchange earnings, it received, however, only
about 28% to 32% of the national budget allocations and obtained less
than 1% of the credit in Sudan (Technoserve, Inc., 1987). This
marginalization of the agricultural sector--in Sudan and many other
developing countries--in terms of government investment may be the
main cause of these countries* slower development, food crises, and
generally low standards of living. Because their agricultural sectors
have been unable to modernize, the less developed countries have
changed from net exporters of food as recently as 1950 to net food
importers now (Cairncross, 1980). Cairncross (1980) indicated that
to explain the food crisis in the less developed countries by the
population explosion is a distortion of the problem. More important
are the low levels of agricultural technology and the lack of
incentives for farmers to produce. The situation of the traditional
and small farmers vis-a-vis other farmers in the less developed
countries is even worse than that of the agricultural sector in
general. These traditional and small farmers have Inadequate access
to productive resources, to credit institutions, and to technology, and
they have very little or no bargaining power in the market (FAO,
1975).
The agricultural sector in Sudan is divided into three main
subsectors. The irrigated subsector consists of 18.5% of the total
cultivated area, tlie mechanized, rain-fed subsector 37.2%, and the
traditional subsector 44.3%; each subsector produces 50.3%, 35.4%,
and 14.3% of the total agricultural production, respectively
(Technoserve, Inc., 1987). The irrigated subsector is composed of
large government operations (e.g., Gezira, Rahad, Kenana) and private-
pump operations located along the Nile River and its branches. In this
subsector, the main crops are cotton, groundnuts, sugarcane, wheat,
and sorghum. The mechanized subsector consists of large operations,
1,000 to 1,500 feddans (1 acre « 1.1 feddans) that are either
government or privately owned. They are located in the eastern and
Kordofan regions. This subsector mainly produces sorghum, with
limited areas of millet and cotton. Mechanization is used for land
preparation and, to a limited extent, harvesting. The traditional
subsector is defined as any farming that uses neither mechanization
nor irrigation technology. (Technoserve, Inc., 1987). The farmers in
this subsector produce sesame, groundnuts, and gum arable as cash
crops and sorghum and millet as food crops.
In 1986-87, 7% of the sorghum area was in the irrigated
subsector, 69% in the mechanized subsector, and 24% in the
traditional subsector, and they provided 14%, 73%, and 13% of the
total sorghum production, respectively. In 1987-88, the irrigated
subsector included 8%, the mechanized subsector 65%, and the
traditional subsector 27% of the sorghum area, and they provided 25%,
65%, and 10% of the total sorghum yield, respectively. The traditional
subsector is almost the sole producer of millet. In the 1986-87 and
1987-88 agricultural seasons, it accounted for 98% and 97% of the
total millet production, respectively. The irrigated sector was the
sole producer of wheat in 1986-87 and 1987-88. The traditional
subsector included 82% and 77% of the total groundnut area in 1986-
87 and 1987-88, respectively, and provided 51% and 41% of the total
yield. On the other hand, the irrigated subsector included 18% of the
groundnut area in 1986-87 and 23% in 1987-88 and provided 49% and
59% of the total yield, respectively. In 1986-87, 41% of the total
sesame area was in the mechanized subsector and 59% in the
traditional subsector; it provided 54% and 46% of sesame total
production, respectively. In 1987-88, 45% of the sesame area was in
the mechanized subsector and 55% in the traditional subsector, and
they provided 54% and 46% of the total production, respectively
(Table 1.2) (Muneer, 1989).
Despite its importance in terms of people depending on it for
their livelihood, the labor force working on it, and its contribution to
the country's foreign exchange earnings, the traditional agricultural
subsector in Sudan is characterized by rudimentary and traditional
means of production (Muneer, 1989). The traditional subsector
receives only a small portion of the credit extended to the entire
agricultural sector; indeed, this subsector gets only 6% to 8% of the
already meager funds available (Technoserve, Inc., 1987).
The lack of modern inputs and the low level of technology in the
traditional agricultural subsector in Sudan have resulted in very
unproductive utilization of land and labor when compared to other
Table 1.2. Total area and total production of selected crops in each
subsector In 1986-87 and the forecast for 1987-883
Crop Subsector
1986-87 1987-88
Area
(in 1,000
feddans)
Production
(in 1,000
mt)
Area
(in 1,000
feddans)
Production
(in 1,000
mt)
Sorghum Irrigated 830 854 653 359
Mechanized 8190 2395 5225 940
Traditional 2793 428 2200 154
Millet Irrigated 1 5 5 15 5
Mechanized 71 1 1 50 6
Traditional 3590 269 413 230
Wheat Irrigated 282 157 2215 120
Groundnut Irrigated 233 186 320 256
Traditional 1056 193 1052 178
Sesame Mechanized 917 117 1032 140
T raditional 1316 99 1253 118
10).
^Ministry of Agriculture and Natural Resources. Sudan (1987, 6-
subsectors (Table 1.3). In the 1987-88 agricultural season, the land
productivity of sorghum was 180 kg/feddan (1 acre = 1.1 feddans) in
the mechanized, rain-fed subsector and 70 kg/feddan in the
traditional subsector; millet land productivity was 120 kg/feddan in
the traditional subsector (Ministry of Agriculture and Natural
Resources, 1987). And yields were at least six times greater from
irrigated than from traditional lands in 1987-88 (Muneer, 1989).
Table 1.3. Sorghum and millet land productivity in the different
subsectors in years 1986-87 and 1987-883
Productivity in kg/feddan
Crop Sector 1986-87 1987-88
Sorghum Irrigated 547 550
Mechanized rain-fed 292 180
Traditional 1 53 70
Millet Irrigated 300 330
Mechanized rain-fed 164 120
Traditional 75 55
aMinistry of Agriculture and Natural Resources (1987).
These figures contradict the general belief that mechanization
leads to higher labor productivity but lower land productivity when
compared to labor-intensive agriculture. An inevitable result of this
low agricultural production in the traditional subsector is a low
standard of living for a large portion of Sudan's rural people who
depend on agriculture for their living.
"Despite the lack of government investment, the traditional
subsector is the major supplier of some main cash and food crops and
the sole supplier producer of others. In 1984, the traditional
subsector produced 35% of Sudan's sorghum, 100% of millet. 75% of
groundnuts, and 70% of sesame; its contribution of the country's
export earnings was 40% . Therefore, if the traditional farmers are
provided with modern agricultural inputs (e.g., fertilizers, improved
seeds, pesticides) and education about improved farming techniques,
credit, and marketing services, then they are not only expected to
improve their living conditions but they are expected to make a
substantial contribution to the country's development" (Muneer, 1989)
Major Food Items in Sudan
The five major food items in Sudan in terms of household
expenditure are; meat, cereals, cereal products, sugar, and
vegetables. These items account for more than 60% of household
expenditures on food and drinks (Table 1.4).
There are variations among the different income groups in the
proportion of their expenditure for food and drinks, for the lowest
Table 1.4. Annual per capita expenditure on major food items in
Sudani
Income
groups per
Per capita expenditures in L.S. on:
household Meat Cereals Cereal Sugar & Vegeta
(L.S.) products sweets bles
500 10.23 9.16 2.89 9.33 6.14
500 - 1,000 14.19 8.71 4.05 10.53 8.10
1,000 - 2,000 19.63 9.33 6.95 12.69 11.50
2,000 - 3,000 24.29 10,51 9.27 14.99 12.05
3,000+ 29.62 12.64 10.75 20.00 14.10
^Ministry of Finance and Economic Planning, Department of
Statistics: Household and Income Expenditure Survev. 1978-80:
Northern Sudan, all areas, Khartoum, 1984.
8income group about 70% of the household budget is spent on food and
drinks, whereas for the highest income group about 51% is for food
and drinks. In urban areas between 44% and 65% is spent on food and
drinks.
Although the consumption of home-produced food is an
important factor for the rural households and accounts for almost
10% of total expenditure, in the urban households home-produced food
accounts for only 1% (Ministry of Finance and Economic Planning,
1984).
The Changing Pattern of Cereal Consumption in Sudan
Starchy staples (cereals, roots, tubers) provide nearly 70% of
total calorie intake in Third World countries. Beyerlee (Damous,
1986) reported that, while the consumption of coarse grains as food
(especially sorghum and millet) was showing a continuous decline
since the last decade, the consumption of wheat as food has Increased
steadily at an annual rate of 2% to 3%. This increase in wheat
consumption represents a widespread change in the diets of Third
World countries. However, there is considerable variation within
these countries. Scobie (Damous, 1986) reported that the
consumption of wheat was higher in the urban areas of the developing
world than in the rural areas, especially in countries where wheat
was not a staple food. Furthermore, even though wheat production In
the least developed countries increased during the 1970s at an annual
growth rate of 1.5%, this was considerably less than population
growth in these countries. In response to the growing gap, wheat
imports doubled during the last decade (CIMMYT) (Damous, 1986).
Sudan has experienced significant shifts in the pattern of cereal
consumption in favor of wheat. Cereals are the most important
calorie source in the Sudanese diet. During the period 1971-72 to
1977-78, sorghum represented 65%, millet 18%, and wheat 16% of the
grains consumed (Damous, 1986). Historically, sorghum was the main
staple food consumed in most regions by the majority of the
population. However, wheat has traditionally been the staple food for
the people of the northern province, and recently it has been the
staple food for the majority of the people in the large urban areas.
Millet has been a major food staple for many people in western Sudan.
Both the urban population and the population of the northern region
account for less than 30% of the total population (World Bank, 1989).
While the average per capita consumption of sorghum and millet
declined from 98 kg per year and 26 kg per year in 1969-70 to 82 kg
per year and 18 kg per year in 1982-83, respectively, the average per
capita consumption of wheat flour increased from 18 kg per year in
1969-70 to 26 kg per year in 1982-83. Urbanization, increasing
participation of females In the labor force, and bread pricing policies
were the most significant factors contributing to the shift in demand
for wheat and wheat products (Damous, 1986).
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Local consumption of animal products
About 40% of the population of the Sudan is engaged in some
way in animal breeding, and the majority of the population depends
for their livelihood on livestock. Meat and milk represent a high
proportion of food for the majority of the Sudanese. Almost all
production of milk goes directly for local consumption.
Political Aspects of the Wheat Sector in Sudan
The Sudan wheat sector has social, political, and economic
significance far greater than its share in the food-grain sector. The
importance of the wheat sector is derived from being an integral part
of the crop rotations in the irrigated farming areas (Gezira, New
Haifa). This is the most vital and modernized subsector of the
economy. Modern inputs, agricultural research, and technology are
widely adopted in the irrigated subsector.
Much attention has also been devoted to wheat policies and
strategies because of their economic and political impacts on the
tenants producing wheat and on wheat consumers. The tenants in the
irrigated subsector are represented in agricultural policy decisions
through their unions. The main objectives of the Gezira Tenant Union,
which represents over 100,000 tenants, are (1) to negotiate
agricultural policy in the scheme, (2) to negotiate agreements
between the government and tenants, and (3) to protect the interests
of the tenants.
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Consumers exert considerable political pressure that affects
wheat pricing policies. In addition, there has been growing concern
about the increasing burden of foreign exchange to pay for the rising
wheat imports (Damous, 1986).
The purpose of government policy is to ensure a low and stable
bread price for consumers and a fair farm-gate price for producers.
This is accomplished by setting prices paid to producers and by
controlling the retail price to consumers. Prices paid to producers
are always below the market price. Consumers are subsidized
explicitly and implicitly through low retail prices. These policies
encourage wheat consumption and discourage production, which
results in higher wheat imports (Damous, 1986).
1 2
CHAPTER II. REVIEW OF LITERATURE
This chapter is divided into three major sections. A review of
consumer demand theory is given in the first section. The second
section reviews the Almost Ideal Demand System, and section three
reviews the studies of demand in Sudan.
Consumer Demand Theory
In applied economic analysis, the role of economic theory
becomes crucial in formulation of economic models and interpretation
of results of data analysis-more so in applied demand analysis. The
theory of consumer demand provides a structure from which a set of
consumer demand equations for various commodities can be derived,
given the price of commodities and the disposable income of the
consumer. The problem of allocating the consumer income to various
commodities can be formulated in a utility maximization framework
(Varian, 1984; Deaton and Muellbauer, 1980b: Philips, 1983). In this
section, an outline of the axioms of utility maximization theory and
the derivation consumer demand function is presented along with a
brief description of the properties of consumer demand functions.
Utility maximization
The theory of consumer demand based on utility maximization
rests on certain axioms to formalize the preferences of the consumer
1 3
among alternative commodity bundles. If there exists a bundle of
commodities = (qi qn^) and another bundle of commodities
q2 = (q-,2 _ ^^qn2), according to the completeness assumption, the
consumer has the ability to rank these bundles and choose between
them (either q''9iq2 or q2^q"i:^ meaning ' is preferred to ').
The reflexivity assumption states that each bundle is as good as
itself (q''^q^). which is a mathematical necessity. According to the
transitivity axiom, if q'l^q^ and q^srq^, then q^^q^, meaning the
consumer is consistent in his or her preference of commodity bundles.
These three axioms are sufficient to guarantee a set of commodity
bundles to which a consumer would be Indifferent in preferring one
over the other (Deaton and Muellbauer, 1980b). However, for the
existence of a utility function that transforms the commodity bundles
into utility, the continuity assumption is needed. It states for any
bundle q"", define A(q'') as a set of bundles preferred to
qi (q : q^qi) and B(qi) as a set of bundles not preferred to
q^ (q : q''^q); then for any qi in the choice set, A(q'') and B(qi) are
closed sets that are contained in their own boundaries.
Once the existence of the utility function is given, two
additional axioms are used to guarantee the best choice that
maximizes the consumer's utility. They are (1) the nonsatiation
axiom, which states that more of a good is always preferred to less,
if q^ is greater than q2, then qi2^q2 and (2) the convexity axiom,
according to which if qi^q2, then for 0 < A. < 1, Xq'^ + (1 -
meaning that a linear combination of q"* and q2 is preferred to q2. The
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convexity assumption follows utility function quasiconcave. The
assumption of strict quasiconcavity of the utility function along with
twice differentiability is used conventionally in consumer demand
theory (Deaton, 1986).
Consumer Demand Functions
Suppose there exists a utility function, U(q), that represents the
preference ordering of the consumer, where q is the vector of
commodities over which the disposable income of the consumer x, is
expanded. Given the assumption that U(q) is an increasing function
[U'(q) > 0] along with assumptions of continuity, twice
differentiability and strict quasiconcavity, the consumer allocation
problem is the determination of the quantities of the commodity
vector q from maximizing the utility subject to a budget constraint
P'q = x, where P is a column vector of commodity prices. The common
procedure of solving this constrained optimization problem is the
Lagrangian method. The Lagrangian function is given by
max L = U(q) + k{x - P'q) (2.1)
qA
where X is the Lagrangian multiplier. Differentiating (2.1) with
respect to qj and X yields n + 1 first-order conditions:
- XPj = 0; j = 1 n
(2.2)
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X- P'q = 0 (2.3)
Solving this n + 1 system of simultaneous equations and applying
implicit function theorem results in what is referred to as the
ordinary or Marshallian demand functions:
qj* = qj(Pl' P2. - - Pn. x)j: j = 1, 2, . . n (2.4)
Pmx) (2.5)
The regularity conditions on the utility function (u(q) is an
increasing function with assumptions of continuity, twice
differentiability and strict quasiconcavity) ensure that these
.= 1-^
functions are unique in prices and income. The term is the
marginal utility as income; Pt is the number of units of q\ that can be
purchased with one unit of income, and is the marginal utility of
Qi-
Properties of Marshallian Demand Functions
The properties of demand functions guide the empirical analysis
in testing consumer behavior from the real world data. These
properties are always effective irrespective of the form of utility
function and take the form of mathematical restrictions on the
16
derivatives of the demand functions. These properties are in general
derived from manipulating the first-order conditions presented
earlier in (2.2) and (2.3). The resulting changes in prices of commod
ities and income level of the consumer are described by the partial
derivatives of the first-order conditions. There are, in general, four
basic properties of demand functions, namely, adding up. homogeneity,
negativity, and symmetry, that are important in providing testable
hypotheses to test the rationality of consumer behavior.
Adding up
The property of adding up states that the demand equations have
to be such that the sum of the estimated (or predicted) expenditure on
the different commodities equals total expenditures in any period.
Formally, Piqi + P2q2 + . . - + Ppqn = x, which is the linear budget
constraint given in (2.1), Substituting qi'(P,x) for qj, we get
i:Piqi(P. x) = X (2.6)
Two other subproperties could be derived from (2.6).
Differentiating (2,6) with respect to income x1 gives
p, ^+P2^+ ... +p„^=1
3x dx 3x
/giPi\
Now, multiplying each term by Qi / yields
17
PlPl\/^^1 X\ I I/^nPn\ x\ _
^* /\ax ^^| "' \ Xl\dx qn/
By writing in elasticity notation, the following is obtained;
Wieix + . . . + Wnenx = 1 (2-7)
where Wi is the budget share of good 1 and eix is the Income
elasticity. This condition says that the sum of weighted shares of
income elasticities equals one, the weights being the budget shares of
the commodities. This condition is known as Engle aggregation.
Differentiating (2.6) with respect to any price Pj,
Pl^+P2^+ ... qj +Pi^+... Pn^ =0
aPj aPj ' 3Pj aPj
and multiplying each term by qi/qi and by Pj/x yields
qiPi Pi , + Pnqn9qnPi 0
X 3p.qi ••• X X ap.q, ••• X ^p.q„
By writing in elasticity form, the following expression is obtained.
Wieij + W2e2j + . . . +Wjejj + Wj + . . . Wnenj - 0 (2.8)
2 Wieij = - Wj
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where Wj is the budget share of good i and ey is the cross-price
elasticity of j is the connmodity, and ejj is the own-price
elasticity. This condition, which says that the sum of the own-price
and cross-price elasticities weighted by their budget shares due to
change in price of the commodity is equal to the negative of the
budget share of the commodity, is known as Cournot aggregation.
Homogeneity
The Marshallian demand functions are homogeneous of degree
zero in prices and income, meaning that if we multiply all the prices
and income by a constant k, the optimal quantity demanded of
commodities is unchanged.
According to Euler's theorem, if a function f(y) is homogeneous
of degree 0, then derivatives of this function satisfy the following
properties:
^' vi + Ya +•••^ yk - 0f(y)
9yi 3yk
Applying this to (2.4), qi(Pi . . . Pn, x) gives
aqLpi +i3Lp2. . + =0
aPi dPz aPn 9x q,(p X) =0 (2.9)
By dividing (2.9) by q\, the following results:
19
Pi , P2 , Pn I X ^ Q
9Pl Pi 3P2 "* aPn Pi ax Pi
©il + 6i2 + • • • + ©in + ©ix = 0 (2.10)
where ejj is the elasticity of demand i with respect to a change in
price of good j; ejj Is referred to as own-price elasticity. e\\ is
referred to as cross-price elasticity, and eix is the elasticity of
demand with respect to a change in known income elasticity.
Rewriting (2.10) as
£ ejj = - ©ix
j
says that the sum of all own-price elasticities is equal to the
negative of the income elasticity. This condition, given by the
homogeneity property of demand functions, is also referred to as the
row constraint. If there are n demand equations, then there will be n
restrictions on the demand systems based on row constraints. The
property of homogeneity is also due to the construction of the utility
maximization problem with a budget constraint
Neoativitv
dq-.
This property states that (n x n) matrix formed by the is
negative semldefinite. This follows from the assumption of
20
quasiconcavity of the utility function by which the second derivative
with respect to any price is negative.
Svmmetrv
The symmetry property of demand functions follows from the
Slutsky equation, the reaction of the quantity demanded of a good to a
change in its price (or to a change in the price of any other good) can
be decomposed into an income effect and a substitution effect, for
any price j
aqi
aPi U
dqj
aPi
aqj
X 9x
Writing the r.h.s. in elasticity form gives
aq.
9Pi
=en-9i+Mie
IX
U
Similarly for the own price Pj,
aqj
aPi
= ei ^ + ^ e.
u
jx
(2.11)
(2.12)
According to Babu (1989) in applied demand analysis the
properties of demand functions discussed above have important
implications in terms of testing the hypothesis of consumer theory, in
imposing certain restrictions on the parameters of estimation and the
21
expected signs of elasticities. By Engle aggregation in the adding up
property, S Wj eix = 1. so only n - 1 of the income elasticities are
j
independent. By the symmetry property knowing the budget shares and
one set of off-diagonal elements, another set of off-diagonal
elements could be calculated which reduces the number of
independent elasticities by 1/2(n2 - n). In practice to derive all price
and Income elasticities we need to estimate n^ + n parameters (n^
price and n income elasticities). Using the properties of demand
functions, namely homogeneity, Engle aggregation and symmetry, the
number of independent parameters to
be estimated can be reduced to
(n® - n) - n - 1 - - n ^ t n . 1
This
is very useful when an applied researcher is faced with the problem
of a small number of observations. For example, if the number of
goods to be analyzed is 10, then the total number of elasticities to be
estimated is 110. However, using the above restrictions, only 54
parameters need to be estimated. Also, expected signs of elasticities
can be derived from these restrictions. For example, using homo
geneity, if cross elasticities and income elasticities are positive
then the own-price elasticity should be negative.
Cost minimization and Hicksian demand funntinng
In utility maximization approach of deriving demand functions
for commodities, the consumer's problem was to maximize utility for
a given level of income. The optimizing solution of this problem was
22
used to attain some utility level of U. If reformulated as one of
choosing the commodities to minimize the total expenditure to reach
the same level of U, then this problem is described as a "dual" problem
of the former approach. The expenditure minimization problem is
given by
Min P'q; subject to U(q) = U (2.13)
q
and the solutions of this constrained optimization problem are a set
of quantity demand functions, which are functions of P and U, qC =
hl(P,U) called Hicksian or compensated demand functions. The
minimized expenditure function of this problem is given by
substituting the optimal values of qi* into P'q. Thus, the minimized
expenditure cost to achieve a certain level of utility U given the price
vector P is P'q' = Ph(P,U) = C'(P,U). This is known as expenditure
function or cost function. The properties of C*(P,U) are useful In
understanding the restrictions on the demand functions. They are
summarized as (i) homogeneous of degree one in prices; (ii) C(P,U) is
continuous in P and U; (iii) it is nondecreasing in P and U
(monotonicity): and (iv) by the derivative property the Hicksian
demand functions could be retrieved from cost functions using
hi(p,u)
Shephard's lemma: The indirect utility function
could be derived by inverting the cost function and vice versa using
Shephard-Uzawa duality theorem (McFadden, 1978). The Marshallian
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demand functions could be derived by substituting the inverse of
expenditure function into the Hicksian demand function (Deaton and
Muetlbauer, 1980b). Using appropriate functional forms in the cost
function,the demand functions could be derived for applied empirical
work (Deaton and Muellbauer, 1980a).
These relations from duality results can be combined together
as follows:
U = U(q)
MIn Pq subject to u(q) = U Max U(q) subject to Pq = x
Hicksian
demand
Substitute
q* in Pq=C
tq' = q(P.x)q'(h.U) ^
Back substitution
Shephard's
lemma
C = C(P,U)
cost function
Roy's
identity
Marshallian
demand
Substitute
q* in U(q)
U - v(P,x)
indirect utility
function
A
Inversion
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Empirical Demand Systems
In general, there are three broad approaches to specify applied
demand systems. The first approach is to derive a system of demand
equations from utility maximization problem assuming specific forms
of utility functions. The linear expenditure system and indirect
addilog model are examples of this approach. The second approach is
deriving demand equations from an approximation to an arbitrarily
specified functional form, as in the Rotterdam model, transcedental
logrithmic system, an almost ideal demand system (AIDS). The third
method Is to construct models with ad hoc specifications directly
imposing theoretical restrictions as in the generalized addilog model
and Theil's multinominal extension of the linear logit model. An
understanding of the use of these demand systems for different
purposes and situations and their limitations will be helpful in
selecting appropriate models to work with and to assess the validity
of the empirical results.
Almost Ideal Demand System
Deaton and Muellbauer (1980b) derived and estimated what they
called the Almost Ideal Demand System (AIDS). This model related
the value shares to the logarithms of total expenditure, that is,
Wi = tti + pi log X (2.14)
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where Wj is the budget share of the item, x is the total
expenditure, and a\ and Pi in general depend on prices. Specifically,
the resulting demand system was derived from a particular cost or
expenditure function that belongs to the PIGLOG (Price Independent
Generalized Logarithm) class of preference:
log C(U,P) = (1 - U) log [a(P)] + U log [b(P)] (2.15)
where a(P) and b(P) are functions of prices. Deaton and Muellbauer
(1980a) proposed the following specific functional forms for log
a{P)] and log [b(P)].
1
log [a(P)] = ao + Xttj log Pi + 2 £ Z log Pj log Pj (2.16)
i i ]
log [b(P)] = log [a(P)] + po Jc PkPk (2.17)
k
The budget share equations can be derived from equation (2.15)
by using Shephard's lemma with appropriate substitution for u, as a
function of prices and expenditure:
Wi = ai + Z Tij log Pj + Pi log P (2.18)
j
1
where yij = 2 (y^jj + .y^ji) and P is a price index.
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In many practical cases where prices are relatively collinear, P
is approximately proportional to some price index. Thus, as a linear
approximation, Deaton and Muellbauer (1980a) suggest the use of
Stone's (1953) price index, log P* = S Wk log pk.
k
Thus, this equation can be redefined as:
Wj =a*i +XYij log Pj + Pi log P' (2.19)
j
The theoretical demand properties (adding up, homogeneity, and
Slutsky symmetry) are satisfied by the AIDS model, given approxi
mate parametric restrictions. First, for adding up, the budget shares
sum to 1 if Z aj = 1, S Yij = 0, and Z Pi = 0. Second, the homogeneity
" j i
condition requires that X yij = 0. Finally, the symmetry restriction
j
holds if Yij = Yjj.
For a linear version of the AIDS model, the own-price, cross-
price, and income elasticities are given by
^ Wi Wi
Eix = 1 +
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A
Wi
where Ejj denotes own-price elasticity, Ey denotes cross-price
elasticity, and Ejx denotes income elasticity.
Also, Hicksian elasticities can be calculated as follows:
nii =- 1 +^ +Wi
Wi
nn=^ +Wi
" Wi
Previous Studies of Demand in Sudan
In this section, previous studies of demand in Sudan are
reviewed in terms of. estimation methods and comparison of results.
In Hassan and Babu (1989) determinants of household
consumption patterns and food poverty among the tenant farmers of
the Rahad irrigation scheme were analyzed. Regression procedures
were used to estimate Engle curve parameters for several commodity
groups. Wealth, family size, and dependency were used to explain the
consumption of households. Results indicate that Engel's hypothesis
of declining food shares is irrelevant for the very poor households
that are far below a minimum level of basic food satisfaction. The
permanent income hypothesis, on the other hand, was supported.
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Wealth and source of income, therefore, proved to be important in
explaining the demand behavior of farming households in Sudan.
Damous (1986) analyzed the supply and demand for wheat and
wheat products to evaluate alternative wheat pricing policies (see
Chapter 5).
Hassan's (1989) Almost Ideal Demand System (AIDS) analyzed
time series data (1971-86) to seven consumption goods for final
demand, namely, wheat, sorghum, beans, vegetables, meat and other
consumer imports, home goods, and agricultural nontradables (see
Chapter 5). Restrictions of the demand theory are not tested.
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CHAPTER III. ECONOMIC CONSIDERATION
AND MODEL SPECIFICATION
This chapter is a brief review of the steps followed in any
econometric research. The steps are model specification, model
estimation, evaluation of estimation, and policy evaluation. In the
last section a cereal model for Sudan is specified, and this becomes
the first practical step in econometric analysis of consumer behavior
in Sudan.
Theoretical Steps in Econometric Research
Step 1: Model specification
Model specification is a process in which the researcher uses a
mathematical form to express relationships among variables to
explore empirically the economic phenomena. The specification of an
econometric model includes the determination of:
- the dependent and explanatory variables;
- theoretical expectation for the size and signs of the
function's parameters; and
- the mathematical form of the model, i.e., number and form of
equations.
The Almost Ideal Demand System and its assumptions that were
explained In Chapter 2 are examples of a specified model.
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Step 2: Model estimation
The estimation of the model Is a technical process that requires
knowledge of different econometric methods and their assumptions
and limitations. Damous (1986) includes the following steps in the
estimation process:
1. Gathering of statistical observations on the variables
included in the model.
2. Examination of the identification conditions for the function
of interest.
3. Examination of the aggregation problems involved in the
variables of the function.
4. Examination of the degree of correlation between the
explanatory variables.
5. The choice of appropriate econometric techniques for the
estimation of the function and the crucial examination of the
assumptions and limitations of the chosen technique.
Econometric techniques can be generally classified into two
main groups. First, single-equation techniques, which are applied to
one equation at a time. Examples are ordinary least squares, indirect
least squares, and two-stage least squares. Second, the
simultaneous-equation techniques, which are applied simultaneously
to all the equations of the system at once. Examples are three-stage
least squares and full information maximum likelihood.
There are many econometric techniques to estimate a model. If
the most appropriate one cannot be applied due to nonavailability or
effects of the relevant statistical data, one should choose less
suitable techniques and interpret the results of the estimation
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considering the properties of the estimates of the less appropriate
technique.
Step 3: Evaluation of the estimation
The evaluation process consists of deciding whether the
estimates are theoretically meaningful, statistically satisfactory,
and econometrically have the desirable properties. In the evaluation
process three criteria have to be used.
The A priori economic criteria. Determined by the principles
of economic theory, which specifically refer to the signs and size of
the parameters of the economic relationships. That is, these criteria
Impose restrictions on the signs of the parameters of certain
economic relationships.
The statistical criteria. Determined by statistical theory to
evaluate statistical reliability of the estimates of the parameters in
the model. The statistical criteria mostly used are the correlation
coefficient: the square of the correlation coefficient (R^), which Is a
statistical measure that shows the percentage of the total variation
of the dependent variable being explained by the changes in the
explanatory variables; and the standard error of estimates, which is a
measure of dispersion of the estimates around the true mean of the
parameter. Statistical criteria are secondary to the A priori
theoretical economic criteria, and the estimates of the parameters
should be considered unsatisfactory if they are statistically
satisfactory.
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The econometric criteria. Set by the theory of econometrics
primarily for the detection of violations of the assumptions of the
econometric method employed in any particular application. They
show whether the estimates have the desirable properties of
unbiasedness, consistency, and minimum variance, which are
measures of the reliability of statistical estimates.
Step 4: Policv evaluation
The most important use of econometrics is policy evaluation.
The policy evaluation In the econometric approach is an estimated
model including implicit or explicit information about the objective
of policy in order to evaluate the alternative policy options.
There are three different approaches as Intrilligator (Damous,
1986) suggested: the instrument target approach, the social welfare
function approach, and the simulation approach. The instrument
target approach is based on the following assumptions: (1) there
exist certain desired levels for each of the endogenous variables of
the model, and (2) the number of policy variables, called
"instruments," exceeds or is equal to the number of endogenous
variables. Tinbergen (Damous, 1986) identified two approaches
regarding the target variables: (1) the fixed target approach in which
specific numerical targets are set and the policy makers must use the
instruments available to achieve the specified targets, and (2) the
flexible target approach in which the objectives are set in a
qualitative manner rather than as fixed numerical values, e.g.. the
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policy makers' objective is to reduce imports, without specifying
exactly by how much. Tinbergen (Damous, 1986) suggested the use of
a criterion function to rank the different combinations of targets and
instruments represented by policy makers' welfare function since the
ideal function of the population is not defined.
The social welfare function approach developed by Theil
(Damous, 1986), has no connection with the individual utility
function, that is, cardinal measure, which involves the choice of
policy variables so as to maximize the value of the social welfare
function subject to the constraints of the economic model. The
problems with the social welfare function approach are the specific
form of the objective function and the fact that the parameters are
not known and cannot be elicited from any policy maker in any
practical way.
The simulation approach avoids the necessity of assuming either
the existence of a well-defined objective function to be maximized
(as in social welfare approach) or the existence of a desired level of
endogenous variables (as in the instrument target approach).
According to Damous (1986) simulation refers to the determination of
the behavior of the system under different assumptions in order to
analyze its response to a variety of alternative sets of variables.
Each simulation run is an experiment on the model to determine
values of the endogenous variables for alternative assumptions
regarding the policy variables given other exogenous variables,
stochastic disturbance terms and values of the parameters. The
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simulation run can take different forms such as historical simulation,
projections or the most important, policy simulation. Policy
simulation determines values of endogenous variables for alternative
sets of values of policy variables. Policy makers can then compare
the effects of adopting different policies.
Specification of the Cereals Model in Sudan
In addition to the information provided by the properties of
demand functions, certain assumptions are necessary in the empirical
analysis of cereals demand system in Sudan. These assumptions are
no structural change, weak separability which implies that the
marginal rates of substitution between pairs of goods in separated
goods are independent of the levels of commodities consumed outside
that group (Philips, 1983), and the model is static. The estimation
procedure will be discussed in Chapter 4.
All variables in the cereals model are June-July fiscal year.
Table 3.1 shows the symbolic names, definitions, and units of
measure used for each variable in the model.
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Table 3.1 Symbolic names and definitions of variables in the demand
mode! of Sudan cereals
Variable
symbolic names Definition
QS Total local consumption of sorghum as food in
metric tons
QW Total local consumption of wheat as food in
metric tons
QM Total local consumption of millet as food in
metric tons
PS Local price of sorghum (LS/ton)
PW Local price of wheat (LS/ton)
PM Local price of millet (LS/ton)
Y Gross Domestic Product (GDP) of Sudan
TE Total expenditure of cereals in Sudan
WS Share equation of sorghum
WW Share equation of wheat
WM Share equation of millet
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CHAPTER IV. ESTIMATION RESULTS FOR THE SYSTEMS
In this chapter sources and method of data collection are briefly
explained. The estimation procedure Is discussed. The empirical
results of the estimated structural relationships are presented and
discussed in this chapter.
Data Availability and Sources
The data required for the cereals model in Sudan were obtained
from various sources. Consisting of time series data covering the
period from 1970-71 through 1986-87, the data were extracted
mainly from published and unpublished reports. The model required
data on local supply, yields, imports, and exports for each equation.
Data for local consumption were collected on an aggregate basis
(national level) since they were specifed as aggregates. The
Agricultural Economics and Statistics section of the Ministry of
Agriculture, Food and Natural Resources annually publishes The
Current Agricultural Statistics and the Statistical Year Book, both of
which contain detailed information on the areas planted and the
average yield of almost all crops grown in Sudan.
Data on annual imports of wheat, exports of sorghum, and
exports of millet were obtained from the Bank of Sudan's annual
reports. In addition, data on GDP were obtained from international
finance statistics. Data on prices of sorghum and millet were
extracted from the Marketing section of the Department of
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Agricultural Economics, Ministry of Agriculture. The time series data
range from 1970-71 through 1986-87 for all variables in the model.
Estimation Procedure
In this study the linear version of the Almost Ideal Demand
System (AIDS) described in Chapter Two is employed to estimate the
Sudan cereals demand. Equation (2.19) Is used, and we used
normalized prices and expenditure at the mean. The sample of data
utilized is given by annual time series from 1970 to 1987.
Estimation Results of the AIDS Model
In this section, the Sudan cereals demand according to the
specification mentioned in Chapter Four is estimated. The estimated
coefficients when homogeneity and symmetry constraints are imposed
on the parameters (adding-up restrictions are automatically
satisfied), are listed in Table 4.1. Given homogeneity and symmetry
conditions, the parameters of the AIDS are simply interpreted; in the
absence of changes in relative prices and "real" expenditure (X/P'),
the budget shares are constant. Changes in relative prices work
through the terms yij. The estimates of yjjS are in general positive for
substitutes and negative for complements. Changes in real
expenditure operate through the Pi coefficients. These add to zero and
are positive for luxuries and negative for necessities (Deaton and
Muellbauer, 1980a).
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Table 4.1. Restricted parameter estimates of the cereals in Sudan
(homogeneity and symmetry imposed)
Goods/
Equation i
Coefficients
ai Ti1 Yi2 YI3 Pi
Sorghum 0.675 0.074 0.018 -0.092 0.090
(38.5)3 (3.8) (0.426) (-2.58) (1,38)
Wheat 0.139 -0.048 0,074 -0.025 -0.053
(16-5) (-2.24) (3.8) (-1.42) (-1.99)
Millet 0.185 -0.025 -0.092 0.117 -0.036
3t-values are in parentheses.
Table 4.2 shows the estimated Marshallian and Hicksian
elasticities of the cereals in Sudan (homogeneity and symmetry
imposed). Note that all own-price elasticities are negative, as
expected. All compensated cross-price elasticities, except those of
millet and wheat products, have positive signs, which indicate these
goods are substitutes for one another at the estimated mean shares in
Sudan. These results are consistent with the Sudan cereals market.
The negative cross-price elasticity for millet and wheat products
indicating complementarity may be suspicious and may suggest that
the data are not accurate.
Table 4.3 shows the estimated Marshallian and Hicksian
elasticities, which used actual Gross Domestic Product (GDP) as total
expenditure. This is the restricted model estimated and will be used
as a basis for the policy of the next section. We might note that all
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Table 4.2. Estimated Marshallian and Hicksian elasticities of the
cereals in Sudan (homogeneity and symmetry imposed)
Goods Price/
expenditure
Marshallian
elasticities
Hicksian
elasticities
Sorghum
sorghum -0.793 -0.248
wheat 0.011 0.153
dukhn -0.179 0.094
expenditure 1.41 1.41
Wheat
sorghum -0.119 0.244
wheat -0.351 -0.280
dukhn -0.101 0.036
expenditure 0.572 0.572
Millet
sorghum -0.907 0.529
wheat -0.365 -0.259
dukhn -0.473 -0.269
expenditure 0.847 0.847
own-price elasticities are negative, as expected-similar to the
previous results with Stone's price index. Also, all compensated
cross-price elasticities, except those of millet and wheat products,
have positive signs. All compensated price elasticities, except those
for millet and sorghum, are higher than those estimated by Stone's
price index. The income elasticities are positive, as expected, and are
higher for sorghum than for wheat and higher for wheat than for
millet.
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Table 4.3. Estimated Marshallian and Hicksian elasticities of the
cereals in Sudan using GDP (homogeneity and symmetry
imposed)
Marshallian Hicksian
Goods Price/Income elasticities elasticities
Sorghum
sorghum -1.128 -0.256
wheat 0.478 0,219
dukhn -0.293 0.365
income 1.374 1.374
Wheat
sorghum -0.443 0.297
wheat -0.385 -0.319
dukhn -0.107 0.219
income 0.538 0.538
Millet
sorghum 0.362 0.521
wheat -0.515 -0.414
dukhn -0.168 -0.108
income 0.251 0.251
41
CHAPTER V. POLICY IMPLICATION
The government in Sudan controls wheat importation and
supports wheat production on the public irrigation schemes. Wheat
growers in the public schemes are required to deliver their produce at
an official price lower than the import price. Government wheat is
thus rationed and distributed to local mills at a subsidized price.
There is also a free-market price for wheat which happens to be
higher than the world wheat price due to controlled importation
(Hassan, 1989).
The current wheat price policies in Sudan are not incentives for
the farmers to increase production, and they encourage a shift in
consumption from other cereals to wheat. To fill the gap between
local production and demand, the wheat imports increase and add a
new burden on the country's foreign exchange resources. On the other
hand, the current wheat pricing policies are ineffective with regard
to nutrition (sorghum is a close substitute to wheat with comparable
nutritional value), resource utilization, and income distribution
policies. This is because bread (which is made of wheat) is not the
food staple for the majority of the population, especially the poor.
The productive capacity in the wheat sector is inefficiently utilized
and beneficial for only the urban upper and middle income classes
(Damous, 1986).
Damous (1986) used three groups of policy simulations. These
groups are policy instruments, which are intended to increase wheat
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supply: changes in policies, which are intended to decrease the
expanding demand for wheat and wheat products; and a combination of
the previous two. In the first simulation, farmers were projected to
increase total area planted, local wheat production was projected to
increase (an average annual increase of 0.9 percent throughout the
simulation period), and total wheat imports were projected to decline
below the baseline solution. Demand for wheat for local consumption
and the price of sorghum were not affected by this policy scenario. In
the second simulation, the total area planted and the weighed average
yield of wheat were projected to increase. The projected increase in
local wheat production was expected to cause a decline in wheat
imports, thereby depressing the free-market price of wheat. Producer
surplus was projected to increase and foreign exchange needed for
wheat imports was expected to decline. In the third simulation, first
the price of wheat and bread increased and the quantity of sorghum
exports declined. Second, the price of wheat and bread increased and
a complete ban on sorghum exports was imposed. The last policy was
expected to achieve some of the fundamental objectives of
agricultural and food policy-efficiency, welfare, and favorable
foreign exchange. The main weaknesses in the statistical model are
total wheat imports and wheat demand for local consumption;
modeling consumption of bread as a national average may not be
appropriate.
In Hassan's (1989) temporary general equilibrium model for
economic policy analysis in Sudan (experiment 3), wheat imports are
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endogenous and only one price for wheat is applied, the import price.
As a result, prices paid to public-scheme farmers rise and prices
received by private wheat producers fall because the wheat imports
are assumed to be in unlimited supply. The long-term effects of the
free wheat policy on nominal GDP, inflation, and trade balance are
better compared to the reduction under the wheat import regime.
Policy Simulation
The main objective of this simulation is to evaluate the impact
of the current wheat price policies. An alternative policy that might
help policy makers in formulating wheat pricing policies will be
evaluated.
The price of bread to consumers in Sudan is fixed by the
government at a low price. These consumers enjoy implicit and
explicit subsidies from the treasury and wheat producers. Since the
price of bread is fixed by the government, it can be considered as a
policy variable. The intention of this policy simulation is to adjust
the price of bread such that consumers pay the actual market cost.
Consumer response can be evaluated in an economic environment,
comparing the competitive market situation to that of the current
wheat price policy.
Pricing Changes and Cereals Demand Projections
in the long run, changes in the prices of wheat and sorghum have
significant implications for cereals demand in Sudan. Therefore, it is
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important to understand how, under certain conditions, such price
changes will affect the cereals demand in the future.
Using the restricted parameter estimates of the cereals In the
Sudan as presented in Table 4.1, such projections are possible.
Generally, these projections are obtained by combining cereals
demand response parameters from Table 4.1 with future pricing
projections after specifying the changes in prices and income (total
expenditure). The projections assume consumer preferences to be
unchanging over time. An assumption of constant real prices is
justified by the fact that the researcher generally has little
knowledge about the future course of such factors.
The estimated budget shares in the future will be expressed as
differences from a base year because there is no information on the
absolute value of prices and expenditure in the future. The procedure
as described by Goungetas, Jensen, and Johnson (1990) is: let W© be
the budget share at the base year, i.e.,
W° =a+ 2 Yij In pP +p[in X° - In P°
i (5.1)
and
W =ao + XYij In Pj +P[in X' - In P
j (5.2)
where the variables designated with an asterisk (*) denote the
variables in the future period. Also, let
P'j =(1 +5j) PP =5j P°, and x" =(l +c) X° =( X°
Also,
and
Therefore,
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In P° = Z Wj In
In P* = 2 W? In P| = ZW? In [(1 + Si) P^l = Z W? In
J ' j J
W - W° =a + z Yij In Pj - In PjJ
p{(ln X" - In X°) - (In P* - In P°)}
lS] PjJ
(5.3)
A fixed real prices scenario was used for the projections such
that:
or p:=fLpo p. po pO
Finally, to calculate the projections of the commodities, since
X
then
: -W XQ
Pi (5.4)
Cereals demand projections were obtained using the parameter
estimates in Table 4.1 and the year 1987 as a baseline year. The
baseline includes the assumption of a year-to-year real growth rate
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of -0.5% for total expenditure: fixed real prices and the rate of
increase in prices are set to equal the expected inflation rate of
31.7%.
The policy simulation assumes a 30% increase in the price of
wheat to ensure that the government interventions in setting the
prices to consumers are eliminated. That is, farmers are expected to
receive the free-market price of wheat, consumers are expected to
pay the full market cost, and the price of sorghum is maintained at a
low and stable level.
Consumption Projections for Wheat and Sorghum in Sudan
The assumptions that have been made in the policy simulation
and the procedure mentioned in the previous section, specifically
equations (5.2) and (5.4), are used to calculate the consumption
projections for wheat and sorghum for the period 1990-94. The
results of this policy simulation are presented in Table 5.1.
The consumption of wheat under this policy scenario (Table 5.1)
is expected to decrease from 888.83 thousand metric tons in 1990 to
678.29 thousand metric tons in 1994. On the other hand, the
consumption of sorghum is expected to increase from 1,031.02
thousand metric tons in 1990 to 1,036.16 thousand metric tons in
1994. It is apparent that through a higher price of bread and a lower
price of sorghum the shift in cereal consumption toward wheat and
wheat products is decreased. In addition, total wheat imports are
expected to decline. These results are consistent with the income
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Table 5.1 Projections of quantities of wheat and sorghum consumed,
1990-94 (1987 is baseline)
Year Quantity Consumed Quantity Consumed
of wheat (1,000 mt) of sorghum (1,000 mt)
1990 888.83 1,031.02
1991 829.89 1,031.61
1992 744.70 1,033.46
1993 702.37 1,034.37
1994 678.29 1,036.16
elasticity of sorghum (1.374), which is higher than wheat (0.538), and
indicate that sorghum is a luxury good.
The effect of this policy on current cereal consumption is likely
to slow the shift toward wheat and wheat products. In addition,
aggregate wheat demand for local consumption is expected to decline
and that may lead to a decline in total wheat imports and to a savings
in foreign exchange.
These results support the previous studies (discussed at the
beginning of this chapter) about wheat price policies in Sudan.
This policy might affect low income groups. Taking into account
the income elasticity of wheat which is (.538) means that the
implication of this policy will force the low income group to buy
wheat at a high price which is unaffordable and might even not
consume it at all. The solution for this problem might be to subsidize
the low income group by providing a food stamps program.
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CHAPTER VI. SUMMARY AND CONCLUSION
Sorghum, especially in rural areas, has been the food staple for
the majority of the population in Sudan. Millet has been the staple
food for the people of western Sudan. Wheat has been the staple food
for those in the northern province and recently has become more
popular among the urban population. In the last two decades there has
been a shift in cereals consumption patterns to wheat and wheat
product, especially in urban areas. Local wheat production has not
met demand, and wheat imports have increased to fill the gap
between local production and total consumption.
The main objectives of this study were: (1) to analyze Sudanese
cereals demand and consumption, (2) to analyze the consumption of
wheat and wheat products, and (3) to evaluate an alternative wheat
pricing policy.
The linear version of the Almost Ideal Demand System (AIDS)
developed by Angus Deaton and John Muellbauer (1980a) was adopted
to estimate Sudanese cereals demand for both the restricted model
and the unrestricted model. This AIDS model has considerable
advantages over the previous demand models. A complete model of
three goods, namely sorghum, wheat, and dukhn, has been estimated.
The system satisfies the theoretical restrictions.
Elasticities obtained from estimated AIDS for the restricted
model show that sorghum is a luxury good and wheat and millet are
normal goods. All own-price elasticities are negative, as expected,
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and sorghum is generally elastic and the most sensitive to change in
its price in Sudan.
The compensated cross-price elasticities show that most
cereals are substitutes for each other, but millet and wheat have
complementary relationships.
The simulation approach was utilized for comparing current
wheat pricing policies with alternative policies. The demand for
local consumption was projected to increase. The current wheat
policies will not achieve the objectives of agricultural and food
policy. Current policies benefit consumers of urban middle and upper
income classes.
An alternative policy that is expected to contribute to achieving
the objectives of agricultural and food policies was examined. The
policy was set at a 30% increase in the price of wheat to eliminate
government intervention, i.e., setting the prices to consumers. The
prices of sorghum and millet are maintained at a low and stable level.
This policy should contribute significantly because improvements in
the balance of payments are expected as a result of the foreign
exchange savings from declining wheat imports. The productive
capacity in the wheat sector will be improved, and the lower price of
sorghum is expected to slow the shift in consumption to wheat and
wheat products. The low income group should be subsidized by
providing a food stamps program.
50
REFERENCES
Ahn, Hyungdo: Dermot J. Hayes; and C. Phillip Baumel. "Meat Demand in
South Korea: A System Estimate and Policy Projections."
Agribusiness. An international Journal. September 1990
(forthcoming).
Babu, Suresh Chandra. "An Analysis of Demand for Food and Nutrition
in India." Ph.D. dissertation, Iowa State University, 1989.
Bank of Sudan. Annual Report. Khartoum, Sudan: Bank of Sudan,
various issues.
Cairncross, John. "Population and Agriculture in the Developing
Countries." Food and Agriculture Organization of the United
Nations. 1980.
Damous, M. H. "Economic Analysis of Government Policies with
Respect to Supply and Demand for Wheat and Wheat Products in
Sudan." Ph.D. dissertation, Washington State University, 1986.
Deaton, A. "Demand Analysis." In Handbook of Econometrics. Vol. III,
ed. jlZ. Griliches and M. D. Intriligator, 1768-1829. New York:
Elsevier Science Publishers, 1986.
Deaton, A., and J. Muellbauer. "An Almost Ideal Demand System."
American Economic Review 70 (1980a): 312-326.
Deaton, A., and J. Muellbauer. Economics and Consumer Behavior.
Cambridge: Cambridge University Press, 1980b.
Elbadawi, I., and B. D'Silva. "Indirect and Direct Taxation of
Agriculture in Sudan: The Role of the Government in Agriculture
Surplus." Unpublished paper, Gezira University, Sudan, 1987.
Food and Agriculture Organization (FAO). Credit for Agriculture in the
Developina World. Rome: Food and Agricultural Organization of
the United Nations, 1975.
51
Goungetas, Basile; Helen H. Jensen; and Stanley R. Johnson. "The
Assessment of Food Demand Trends in Indonesia: Methods and
Projections." Report by CARD and Ministry of Agriculture,
Republic of Indonesia, Iowa State University, March 1990.
Hassan, M. R. "A Temporary General Equilibrium Model with
Endogenous Money for Economic Policy Analysis in Sudan." Ph.D.
dissertation, Iowa State University, 1989.
Hassan, M. R., and C. S. Babu. "Measurement and Determinants of
Household Consumption Patterns and Food Poverty in Rural
Sudan." Unpublished paper, Iowa State University, 1989.
Henderson, J. M., and R. E. Quandt. Microeconomic Theorv: A
Mathematical Approach. New York: McGraw-Hill, 1980.
International Monetary Fund. International Financial Statistics
Yearbook, volume XLII. Washington, D.C.: IMF, 1989.
Johnson, S. R.; Z. A. Hassan; and R. D. Green. Demand Systems
Estimation. Ames: Iowa State University Press, 1984.
Judge, G. G., et al. Introduction to Theorv and Practice of
Econometrics. New York: John Wiley and Sons, 1988.
McFadden, D. "Costs, Revenue, and Profit Functions." In Production
Economics: A Dual Approach to Theory and Application, ed. M.
Fuss and D. McFadden, 110-141. Amsterdam: North-Holland,
1978.
Ministry of Agriculture. Agricultural Statistics. Khartoum, Sudan:
Department of Agricultural Economics and Statistics, various
issues.
Ministry of Agriculture and Natural Resources. Agricultural Situation
and Outlook. October/November Report Value No. 7. Khartoum,
Sudan: Department of Agricultural Economic Planning and
Agricultural Economic Administration, 1987.
Ministry of Finance and Economic Planning. Economic Survey.
Khartoum, Sudan: Government Printing Office, various issues.
52
Ministry "of Finance and Economic Planning. Household Income and
Expenditure Survey 1978-80. Khartoum, Sudan: Department of
Statistics, 1984.
Muneer, E. S. "Agricultural Cooperatives as a Means for Agricultural
Development: The Case of Western Sudan Small Farmers'
Cooperatives." Ph.D. dissertation, Iowa State University, 1989.
Philips, Louis. Applied Consumption Analysis. 2nd ed. New York:
North-Holland, 1983.
Stone, J. R. N. The Measurement of Consumer's Expenditure and
Behavior in the United Kingdom. 1920-1938. Vol. 1. Cambridge:
Cambridge University Press, 1953.
Technoserve, Inc. Korag Credit Component: Elobeid Baseline Survey.
Khartoum: Agricultural Bank of Sudan, 1987.
Varian, H. Microeconomic Analysis. 2nd edition. New York: W. W.
Norton, 1978.
White, K. J.; S. Haun; N. Horsman; and S. Wong. SHAZAM/Econometric
Computer Program: User's Reference Manual, version 6.1. New
York: McGraw-Hill, 1988.
World Bank. World Development Report 1989. Oxford: Oxford
University Press, 1989.
53
ACKNOWLEDGMENTS
1wish to express my sincere gratitude to my major professor, Dr. Dermot J.
Hayes, for his skillful guidance, support, and understanding of this thesis. I
extend my appreciation to Dr. L. Fletcher and Dr. Roy D. Hickman for their
guidance and advice. Their comments and suggestions have improved the
quality of this research.
I would like to thank the agricultural research extension and training
project (World Bank and Sudan government) for providing the financial support
for my Master's program.
Many thanks to the Sudanese students for their help throughout my
graduate study at Iowa State University.
Finally, my heartfelt gratitude is extended to my dear mother, brothers, and
sisters for their loving support, understanding, and encouragement throughout
my graduate study at ISU.
I am indeed thankful to Pat Monroe for typing this thesis.
54
APPENDIX
Table A.1. Data set used in estimating the cereals demand model of
Sudani
Year QS QW QM PS PW PM Y
1 970 1529000 216043 459845 21.57 30 27.16 3388
1971 2130572 317507 323096 19.59 32 32.27 3581
1972 1287724 301577 351215 20.97 36 44.11 31 60
1973 1531047 394709 262455 36.46 44 56.11 3251
1974 1743108 356095 440398 39.71 79 48.16 3601
1975 2025549 400921 400235 38.99 64 60.05 3520
1976 1714255 497027 467842 55.77 59 125.1 4238
1977 2015962 476251 485685 56.35 59 125.1 4587
1978 2372558 333099 547134 61.44 61 137.77 4741
1979 1668828 507912 307459 89.47 79 156.55 4077
1980 2065138 500157 417324 152.11 130 284.66 5990
1981 3342587 552287 570594 162.81 141 397.1 6236
1982 1959872 472190 331608 249.55 1 66 455.55 6264
1983 1825438 487184 311478 416.88 290 617.216 6085
1 984 1096751 336408 155280 645.16 360 389 5306
1 985 3524000 540049 427975 1150.67 700 700 5993
1986 3276695 381804 283901 455.73 700 798 6198
1 987 1373653 184301 149537 465.30 770 530 5958
Note: Symbolic names are defined in Table 3.1.
3Data for GDP are from International Financial Statistics Year
Book. 1989. Consumption is derived from total supply (import and
domestic) minus exports. Bank of Sudan annual reports and Foreign
Trade Statistics. Ministry of Planning Economic Survey, Department
of Statistics, and Ministry of Agriculture.
